automated visual field testing.s Visual field testing by optometrists is advocated both to improve the accuracy of referrals for suspected glaucoma and to increase the overall glaucoma detection rate. 6 Perimetry currently achieves acceptable validity as a screening test for glaucoma only under certain conditions. These include the use of a perimeter that has satisfactory sensitivity and specificity for detecting glaucomatous field 10ss/,8 selective screening of a population at increased risk of glaucoma,6,9 and repeating abnormal perimetry (in the absence of other features of glaucoma) to confirm genuine field loss before referral.°,1o Visual field testing performed without due regard to validated screening methodology has the potential to greatly increase false positive referrals from glaucoma screening without significantly improving the overall glaucoma detection rate. This study was performed to assess the positive predictive value (PPV) of visual field testing as currently practised by optometrists.
Materials and methods
A retrospective study was performed of referrals for suspected glaucoma to the department of ophthalmology at the West Suffolk Hospital during the 3 month period May to July 1994. These referrals were identified by reviewing the medical records of all patients referred to the department during this period (excluding emergency referrals). The West Suffolk Hospital has a catchment population of approximately 250 000. The medical records of those patients referred for suspected glaucoma were then reviewed to determine the reason for referral and the subsequent hospital eye service (HES) findings.
For the purposes of this study, the following definitions were applied to the HES findings. Glaucoma was defined as intraocular pressure (lOP) > 21 mmHg together with characteristic optic disc and/ or visual field changes, as judged by the examining ophthalmologist. Normal tension glaucoma was defined as the presence of characteristic optic disc and/ or visual field changes with lOP consistently COther disorders were tilted optic disc (4), porencephalic cyst (1) and myopic macular degeneration (1).
�21 mmHg. Ocular hypertension was defined as lOP >21 mmHg with no optic disc or visual field abnormalities. The examining ophthalmologists at the HES used Goldmann applanation tonometry, stereoscopic optic disc assessment and the Humphrey Field Analyser (central 24-2 threshold programme). Stringent diagnostic criteria for glaucoma, based on precise optic disc and/ or visual field changes, were not possible due to the retrospective nature of the study. The PPV for glaucoma was determined according to the reason for referral. The X2 test for trend was used to compare the PPV of different referral groups. When a significant trend was present, Fisher's exact test was used to compare the PPV of combined referral groups. The Kruskal-Wallis one-way analysis of variance by ranks was used to compare interval data between different referral groups.
Results
The medical records of 98.5% (586/595) of patients referred to the HES during the study period were reviewed. Nine records could not be found. Eighty-six referrals for suspected glaucoma were identified, which comprised 14.7% of the total. All the referrals for suspected glaucoma had been initiated by optometrists. The median age of these patients was 67 years (range 21-93 years). There were 44 men and 42 women. Table 1 gives the HES findings of these patients. The overall PPV for glaucoma was 43% (35/82) and the overall PPV for any abnormality was 71% (58/82). No diagnosis was available for 4 patients (3 patients defaulted and 1 patient died before attending the HES). The reasons for referral with suspected glaucoma are given in Table 2 . These could be determined directly from the optometrist's referral letter for 77% (66/86) of patients. For the remainder, the optometrist's findings were obtained from the general practitioner's referral letter. Details regarding the following parameters were given at referral: lOP 94% (81/86), optic disc 76% (65/86) and visual field 57% (49/86). The methods used to assess lOP were: Pulsair tonometer (32), applanation tonometer (10) and not recorded (39). There was no significant difference between the level of lOP (p = 0.51) or lOP asymmetry (p = 0.30) among the referral groups that included raised lOP ( Table 3 ). The perimeters used for screening were: Henson perimeter (16), Bjerrum screen (7), Dicon perimeter (1), Fincham-Sutcliffe perimeter (1), Park central field perimeter (1), Humphrey perimeter (1) and not recorded (22) . A suprathreshold or threshold related screening strategy had been used for each of the 27 patients for whom the type of perimeter had been recorded. It was not possible to analyse the different types of visual field defect found at screening because inadequate details had been given in many referral letters. Table 4 gives the PPV for glaucoma according to the reason for referral. None of the patients referred with isolated field loss had glaucoma. This referral group comprised 12% of the glaucoma suspect referrals. Their HES findings were no abnormality (5), tilted optic disc (3) and porencephalic cyst (1) . Among the referral groups that included field loss, the PPV for glaucoma increased if corroborative abnormalities were reported by the optometrist (p = 0.002). Referrals with isolated field loss had a significantly lower PPV for glaucoma than referrals with field loss in association with raised lOP and/ or suspicious disc (p = 0.005, Table 5 ). However, among the referral groups that included raised lOP or suspicious disc, the PPV for glaucoma was not significantly different if the optometrist also reported corroborative abnormalities (Tables 4, 5). Referral lOP is based on the eye with the higher lOP (S patients excluded because no value recorded). Referral lOP asymmetry is the difference between the lOP of each eye (8 patients excluded because no value recorded). Table 4 also gives the PPV for any abnormality being confirmed by the HES. This increased for both field loss (p = 0.03) and suspicious disc (p = 0.01) as other abnormalities were reported by the optometrist, but comparison of combined referral groups did not demonstrate a statistically significant difference ( Table 5 ). The PPV for any abnormality was, however, significantly greater if raised lOP was a reason for referral compared with referrals for field loss and/ or suspicious disc without associated raised lOP (79% vs 39%, P = 0.003). There was no significant difference in the PPV for any abnormality between referrals with isolated field loss and referrals with isolated suspicious discs (44% vs 25%, p = 0.98).
Discussion
The introduction of perimetry for glaucoma screening represents an important advance. Ophthalmoscopy has poor validity as a screening test for glaucoma, especially in early cases.11,12 Tonometry is a more effective screening tese3 but is limited by the absence of a single cut-off lOP that achieves a reasonable combination of sensitivity and specificityY While visual field testing has similar limitations, it can achieve greater efficacy as a screening test for glaucoma.lO Optimal validity for glaucoma screening is, however, currently achieved by these three screening tests in combination.6,14 Perimetry can improve the accuracy of referrals for suspected glaucoma by identifying which individuals with raised lOP or suspicious discs have glaucoma. 15, 16 In addition, visual field testing should increase the overall glaucoma detection rate by identifying cases that are missed by screening with ophthalmoscopy and tonometry.13,17 Normal tension glaucoma probably accounts for around 40% of all glaucoma cases in the population.
IS
Perimetry currently achieves acceptable validity as a screening test for glaucoma only under certain conditions. Firstly, the perimeter employed must have high sensitivity and specificity for detecting glaucomatous field loss (such as the Henson field screener7,8). Secondly, the prevalence of glaucoma in the screened population must be sufficient for perimetry to achieve an acceptable PPV. The PPV of a screening test, with a given sensitivity and specificity, depends on the prevalence of the target condition in the screened population. Current methods of perimetry can achieve an acceptable PPV with selective screening of individuals at increased risk of glaucoma.9 Risk factors for glaucoma include age> 40 years, lOP> 21 mmHg, suspicious optic discs, positive family history, diabetes, high myopia and Afro-Caribbean origin.6 Non-selective visual field screening will have a greatly reduced PPV.9,10 Thirdly, abnormal perimetry (in the absence of other features of glaucoma) should generally be repeated to confirm genuine field loss before referra1.6 Perimetry is associated with numerous false positive results on initial testing that decrease with learning experience.1O,19,20 Perimetric artefacts may also arise from incorrect refractive correction, incorrectly positioned corrective lenses, lid position, pupil size, media opacities and subject fatigue. This study assessed the PPV of visual field testing as currently practised by optometrists. Isolated field loss accounted for 12% of glaucoma suspect referrals but no cases of glaucoma detection. These subjects were either false positive referrals or had field defects of non glaucomatous aetiology (tilted optic disc and porencephalic cyst). Inappropriate visual field testing was responsible for 4 of the 5 false positive referrals: 1 subject underwent non-selective screening (no risk factors for glaucoma) and 3 subjects were referred without repeat perimetry to confirm genuine field loss. Referrals with isolated field loss had a significantly lower PPV for glaucoma than other referral groups. Furthermore, the presence of abnormal perimetry among referrals with raised lOP or suspicious discs did not significantly improve the PPV for glaucoma. This study could not, however, assess whether perimetry had improved glaucoma detection by reducing the false negative rate of screening by ophthalmoscopy and tonometry. Nevertheless, relatively few cases of normal tension glaucoma were detected in this study (6% of glaucoma cases detected), suggesting that glaucoma screening still has an appreciable false negative rate.
There is no doubt that current methods of glaucoma screening need to be improved: about half the glaucoma cases in the popUlation remain undetectedl5,19 and 20% of newly diagnosed cases already have advanced field loss? Optometrists are therefore increasingly performing perimetry to improve their glaucoma detection rate.21 This is reflected by an increasing proportion of glaucoma suspects referred with isolated field loss: 12% in this study compared with around 1% in two recent surveys?,16 However, the findings of this study suggest that current visual field testing by optometrists is leading to unnecessary referrals to the HES with no detectable improvement in accuracy of glaucoma suspect referrals. A larger survey is required to determine the general applicability of this finding. Referrals for suspected glaucoma already constitute a significant proportion (around 15%1) of all new referrals to the HES, of which approximately one-third are false positive referrals. 3, 16, 22 It is important that the introduction of visual field testing by optometrists leads to improved glaucoma detection without an unacceptable increase in false positive referrals.
